It is well known that partial agonists are drugs with affinity to their receptor and with intermediate intrinsic activity and that the partial agonists have little receptor reserve, while there is a large receptor reserve for the full agonists (1-3).
In the previous papers (4, 5), we studied the mode of action of carteolol, a beta-adrenergic partial agonist in the taenia caecum of guinea pig. Indexes for agonistic activities, pD2 values of carteorol obtained from the concentration action curves in mechanical response and increase of tissue concentration of cyclic AMP, were significantly different from its indexes for antagonistic activities, pA2 values against isoprenaline obtained from the mechanical responses and increases of cyclic AMP concentration and also the pKi value (negative log of its appearent dissociation constant) obtained in binding experiments (4, 5). These results suggest that an interaction of carteorol with the beta-adrenoceptor cannot be understood by the classical receptor theory. In order to obtain additional evidence, we estimated the pD2 and pA2 values of some partial agonists in the taenia caecum and tracheal smooth muscle of guinea pig and also the pKi values in the taenia caecum.
Materials and Methods
Male guinea pigs (300 to 400 g in body weight) were killed by a blow on the head, and the taenia caecum and trachea were isolated. A tracheal preparation was made according to Takagi and Takayanagi (6). The tracheal preparation or a piece (about 4 cm) of taenia caecum was suspended in a 20 ml organ bath filled with a physiological solution (154 mM NaCI, 5.6 mM KCI, 2.2 mM CaCl2, 2.1 mM MgC12, 5.9 mM NaHCO3, and 2.8 mM glucose) kept at 32°C and gassed with carbogen.
Responses to drugs were recorded isotonically under a tension of 0.7 g. The experiments were started after the preparations were allowed to develop their spontaneous tone for 1 hr. Concentration action curves of drugs were obtained cumulatively (7). The pD2 and pA2 values and intrinsic activities of the drugs were estimated by the methods of van Rossum (7). The intrinsic activity was expressed as the ratio between the maximum response to a test drug and that to the reference drug, isoprenaline. The pD2 value was obtained as the negative log of the concentration (M) which produced 50% of the maximum response to the test drug. In order to estimate the pA2 value of a competitive antagonist or partial agonist, concentration action curves of a full agonist, isoprenaline, in the absence and presence of the competitive antagonist or partial agonist were obtained. Concentrations which produced a 50% response were obtained from the concentration action curves of isoprenaline in the absence and presence of the competitive antagonist or partial agonist. It has been established that with low concentrations of a full agonist, the partial agonist acts as a synergist, but that with high concentrations, a competitive antagonism is observed. Therefore, the pA2 value of the competitive antagonist or partial agonist was calculated from a difference between the two concentrations obtained, and the concentration for the competitive antagonist or partial agonist, was chosen using the table of van Rossum (7).
In order to estimate the dissociation constants, photoaffinity labeling of the betaadrenoceptor with isoprenaline (6x106 M) was carried out according to Takayanagi et al. (8) and Koike and Takayanagi (9). A piece (about 4 cm) of the isolated guinea pig taenia caecum was horizontally set in a 10 ml organ bath filled with the same physiological solution, kept at 32°C and gassed with carbogen. Responses to drugs were recorded isotonically. A Toshiba lamp, model FL-20E (wavelength: 270-350 nm), was used as a light source, and the preparation was irradiated at 2 cm under the lamp, as reported previously (8, 9). The concentration action curves of drugs were obtained cumulatively (7).
The 
Results
Each maximum relaxation induced by carteolol, befunolol, indenolol, pindolol, alprenolol or practolol, which was abolished by the 25 min incubation of the taenia caecum with propranolol (10-6 M) (data not shown), was less than that by isopre- Table 1 . Intrinsic activities, and pD2 and pA2 values tested on the guinea pig isolated taenia caecum naline, suggesting that their intrinsic activities were intermediate (Table 1) . Furthermore, they shifted the concentration action curve of isoprenaline towards higher concentrations in a concentration that relaxed the taenia caecum. These results indicate that they are partial agonists on the beta-adrenoceptor. As one of the typical results, Fig. 1 Fig. 2 , as one of the typical experimental results obtained in the tracheal preparation. Practolol, which has some degree of selectivity for the beta-1-adrenoceptor, was not tested on the tracheal preparation where the beta-2-adrenoceptor predominates. (Fig. 3 ) and tracheal preparation (Fig. 4) .
Photoaffinity labeling of the betaadrenoceptor by the 25 min irradiation with isoprenaline (6x10-6 M) was done in the isolated taenia caecum, but not in the tracheal preparation, because it was difficult to irradiate the tracheal preparation all around. Effect of photo-inactivation of the receptor on the concentration action curve of alprenolol is shown in Fig. 5 , as a typical result. The negative log of the dissociation constants, pKi values, and the fraction of active receptors, q, after photoinactivation of the receptors are summarized in Table  3 . The pKi values were equal to the pD2 values, but not to the pA2 values. These results coincide with our previous ones obtained with carteorol (9). A large variance in the q values does not influence the estimation of Ki values (9-1 1 ). Discussion Our previous findings that the pD2 value of carteolol was significantly different from its pA2 values (4, 5) were confirmed in the present experiments with some betaadrenergic partial agonists. In contrast with these findings, the pD2 values of some muscarinic partial agonists were practically equal to their pA2 values, suggesting that the binding site of the partial agonists for agonits action was the same site as for the blocking action (12).
If beta-adrenergic partial agonists interacted with one site in the receptor, the pD2 values would be equal to the pA2 values of the partial agonists, which had little receptor reserve. The plausible explanations of our observations would be seem to be as follows. The full agonist, antagonist and partial agonists used interact with the same beta-receptor where there may be two different sites: one binding site for agonistic action and the other site for antagonistic action. Both the binding sites are supposed to be mutually exclusive and produce their actions separately through unknown mechanisms (4, 5). The intrinsic activities of the partial agonists may be equal to their selectivities for both the sites (Figs. 3 and 4) .
The properties of ligand binding to betaadrenoceptor were studied by Kent et al. (1 3) who reported that antagonists were shown to bind to the receptor with one homogeneous state of uniform affinity, while agonists manifested heterogeneous binding and that two distinct binding states for agonists were apparent: one of high and one of low affinity, which were interconvertible . According to Kent et al. (1 3) , the intrinsic activities of beta-adrenergic partial agonists may be concerned with their selectivies for the two distinct binding states.
